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Abstract  
Reactive powder concrete (RPC) is a new generation of concrete material which is actually a micro mortar with a maximum 
aggregate size not exceeding 0.630mm. It should be noted that when incorporating cementituous additions, this type of 
concrete shows a better homogeneity, an increased compactness of the cement matrix and an improved microstructure 
leading to high initial as well as final physic- mechanical performance in fresh and hardened state. The objective of this paper 
is to study the effect of the addition of dune sand and slag, finely ground on mineralogical, rheological andmay thus be a 
simplified approach of that of the mixtures SD-RPC or S-RPC, in which the main reaction is the fixa mechanical properties 
of RPC. The compactness of the cement matrix, principal source of strength gain, is closely linked to the consumption of 
portlandite occurring during hydration of cement silicates to produce new calcium silicate hydrates (C-S-H) more compact 
and insoluble in water. This so-called pozzolanic reactivity depends on the nature and structure of the used cimentituous 
additions. In order to better evaluate the gain in strength of the RPC containing finely ground dune sand (SD) and slag (S), 
the microstructural aspect has been examined by X-ray diffraction. The study of mixtures SD-lime and S-lime tion of lime, 
resulting from cement hydration to produce additional C-S-H.In this work, the results obtained from tests carried out on RPC 
show that both compressive and tensile strengths increase when incorporating mineral additions in cement, thus improving 
the compactness of mixtures by their filler and pozzolanic effects. 
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1. Introduction 
 
The improvement of homogeneity, compactness and even ductility 
of concrete,  has started in the early 90s due to the development of 
 "Reactive Powder Concrete (RPC)“ which are micro concretes characterized by a: 
- Maximum particle size not exceeding 630 microns,  
- very low W/C ratio  
- very high tensile and compressive strength or even greater than those of steel (350 MPa). 
  
This paper aims to elaborate micro concrete RPC based on mineral addition rich in silica such as silica fume 
(SF), finely ground blast furnace slag (S) and Dune Sand (SD)  
incorporated into Portland cement at 15% by weight. 
  
The main objective of this investigation is to characterize these RPC using the compression and tension 
mechanical tests on specimens mixed at very low W/C ratio.  
2. Materials used 
The materials used in this work are: 
- Granular skeleton consisting of fine sand 
 ( From Boussaâda: Southern Algeria): SS 
- Algerian Cement type CEM II / A: (C) 
- Mineral additions A: 
                - Silica fume (SF) 
                - Ground blast furnace Slag (El Hajar) (S) 
                - Finely ground Dune Sand (Boussaâda) (SD) 
- Chemical Additions: 
                 - Superplasticizer based polysulfonates: SP 
Except Silica fume that is produced in Canada, all the other materials 
 used are local origins  
 
3. Properties of used materials 
The physico-chemical, mineralogical and mechanical properties  
of materials used are listed in tables (1, 2 and 3) respectively.  
 
Table 1: Physical characteristics of cement and addition used 
 Cement  
Silica fume 
(SF)  
Ground dune 
sand (SD)  
Ground slag 
(S)  
Real Density  3.13 2.20 2.80 2.40 
Fineness (cm2/g) 3150  200 000 (BET) 5000 (Blaine) 
6600 
(Blaine) 
Normal consistency  0.27 / / / 
Expansion in mm 0.72 / / / 
Initial set  
Final  set   
1h57mn 
3h47mn / / / 
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Table 2: Chemical properties of cement and addition 
 Content  percent  
Oxyde  Cement  SF SD S 
SiO2  
Al2O3  
Fe2O3  
CaO  
MgO  
SO3  
Na2O  
K2O  
Cl-  
Free CaO   
R, Ins  
Loss on ignition  
19.82 
5.17 
2. 97 
60.40 
1. 09 
2.48 
0.41 
0.76 
0.002 
0.18 
4.23 
3.11 
96.00 
0.90 
0.6 
1.58 
0.2 
0.45 
0.17 
0.96 
/ 
/ 
/ 
94.90 
1.48 
0.48 
0.90 
0.97 
0.03 
0.10 
0.20 
0.003 
/ 
/ 
0.50 
40.53 
8. 16 
0.75 
39.89 
1.30 
2.00 
0.16 
0.41 
0.005 
-1.33 
1.01 
 
 
Table 3: Mineralogical and mechanical properties of cement 
 Mineralogical composition (BOGUE) 
C3S βC2S C3A C4AF  CŠH2  Cl  
48.41 20.58 8.68 9.03 5.33 0.18 
 Mechanical properties 
Compressive strength (MPa)  Tensile strength (MPa) 
2d  7d  28d   2d  7d 28d 
18.96 34.66 47.30  2.91 4.47 5.73 
 
 
The mineralogical nature of the materials was highlighted with the help of an X-ray diffraction analysis. The 
XRD patterns obtained show that :  
 
- Silica fume (SF) has an amorphous structure similar to that of the Cristobalite.  
- Blast furnace slag (S) also has an amorphous structure.  
- Ground Dune sand (SD) has a well crystalline structure of the type of Low Quartz.  
                
                            a- Silica fume                                                    b-  Ground blast furnace Slag                       c- Finely ground Dune Sand 
 
 
Figure 1 - X-ray diffraction patterns of additions used 
 
                             a- Silica fume                     b-  Ground blast furnace Slag                        c- Finely ground Dune Sand 
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Figure 2 :  Sights with SEM of additions used 
 
4. Test procedure on RPC  
In this section: 
- The various additions (SF, S, and SD) were incorporated in Portland cement at different contents.  
- Two W/C ratios (0.27 and 0.20) were chosen for which the behaviour of RPC in a fresh and hardened states are 
examined. 
The evolution of compressive and tensile strength at different ages 7, 28 and 90 days respectively was assessed.  
 
The test specimen mixtures were prepared as follows:  
RPC without additions (Control: T):  
C = 1, SS = 1.1, SP = 2% W/C = 0.27 and 0.20 
RPC with additions:   
C=1, A(SF,S,SD) =0.15, SS=1.1,  SP=2%, W/B=0.27and W/B=0.20  
 
The formulation for 1 m3 of RPC (with and without addition) is given in Table 4 
 
  
Table  4:  Formulation for 1 m3 of  RPC (with and without addition) 
 RPC with and without additions T, SF , S or SD  
W/B  
SP40  
(Kg)  
C  
(Kg)  
SS  
(Kg)  
A(SF,S,SD)  
 (Kg)  
0.27  16.42  821 904 123 
0.20  16.42  821 904 123 
 
 
4.1 Tests on fresh concrete  
 
The workability of RPC was measured by the LCPC maniabilimeter test. The results of this measurement as well 
as that of the density are given in Table 5  
 
 
Table 5: Workability and density of the studied RPC 
W/B = 0.27 W/B = 0.20 
t (s)  ρ (kg/l)  t (s)  ρ (kg/l)  
RPC (T)  17  2.103  > 60  2.156  
RPC SF  2  1.890  16  2.213  
RPC S  17  1.888  > 60  2168  
RPC SD  11 1.950  > 60 2.151  
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- It should be noted that for W/B 0.20, flow time increased significantly (t> 60 s) the studied RPC except 
for concrete containing silica fume (SF) (t=16s). This result is in accordance with that reported in the 
literature  
 -      And clearly reflects the superplasticizer role played by the Silica Fume due to its amorphous structure   
and its fineness. The SF particles will contribute to the lubrication of other particles in the same RPC by 
filling the smallest remaining voids, and therefore they release some water molecules which themselves 
contribute to increase the workability of concrete.  
- For other RPC (control-(T) and that incorporating S) batched with W/B=0.27, the measured times were 
identical.  
- On the other hand, for RPC-based SD addition,  an improvement in workability was noticed and which 
is due to the high fineness of ground dune sand (SD) (6600cm2/g) comparatively to that of slag 
(5000cm2/g). 
- This allows to conclude that in the presence of superplasticizers, the increase in the fineness contributes 
to improving the workability of RPC.  
 
4.2 Tests on hardened RPC 
 
4.2.1. Compressive strength 
 
 The compressive strength determined on prismatic specimens (4x4x16), W/B of 0.20 and 0.27 as a function of 
time is given in Table 6 and Figure 1.  
 
 
Table 6: Compressive strength of RPC for W/B=0.27 and 0.20 
 Compressive strength (MPa) 
W/B = 0.27 W/B = 0.20 
Age (d)  7d  28d  90d  7d  28d  90d 
RPC T  32.50  62.67  78.13  55.21  74.75  87.50  
RPC SF 42.56 78.83 88.00 75.00 96.88 106.60 
RPC S  38.83 68.73 78.55 59.38 78.13 92.23 
RPC SD 35.21 65.67 78.55 56.3 75.13 88.33 
  
 
 
 
Figure 3: RPC compressive strength for W/B=0.27 and 0.20 respectively 
 
 
4.2.2. Tensile strength 
 
Table 7: RPC tensile strengths W/B=0.27 and 0.20 ratio 
 Tensile strength (MPa) 
W/B = 0.27 W/B = 0.20 
Age (d)  7d  28d  90d  7d  28d  90d 
RPC T  3.88  6.05  6.84  5.7  7.19  7.63  
RPC SF 5.02 6.76 7.23 7.9 9.70 10.13 
RPC S  4.85 6.51 6.95 6.9 8.42 8.98 
RPC SD  4.76 6.33 6.88 6.9 8.23 8.87 
2341 M. Lanez et al. /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  2336 – 2342 
 
 
 
Figure 4: RPC compressive strength for W/B=0.27 and 0.20 respectively 
 
4.3. Fragility index IF 
 
 In order to highlight the evolution of fragility index of the elaborated RPC (without fibers and thermal treatment). 
The values of  (IF)    IF =Rc/Rt as a function of time are determined and given in Table 8 and plotted in Figure 5.  
With:  
Rc: Compressive strength of RPC  
and  
Rt: Tensile strength of RPC.    
 
 
Table 8: Rc/Rt ratio of the studied RPC. 
 Fragility Index Rc/Rt 
W/B = 0.27 W/B = 0.20 
Age (d)  7d  28d  90d  7d  28d  90d 
RPC  8.37  10.35  11.42  9.71  10.40  11.46  
RPC  SF 8.47 11.67 12.17 9.51 9.99 10.52 
RPC S  8.00 10.56 11.30 8.56 9.28 10.27 
RPC SD 7.39 10.37 11.42 8.20 9.13 9.96 
 
 
 
 
.  
 
 
 
 
 
 
 
Figure 5: Rc/Rt ratio of the studied RPC 
 
Independently of the W/B ratio and the mineral additions used, the compressive and tensile strength of RPC 
increases with time (7d, 28d and 90 d). 
 
5 Conclusion 
 
- Independently of the W/B ratio and the mineral additions used, the compressive and tensile   strength of RPC 
increases with time (7d, 28d and 90d).  
- Independently of the additions, the RPC mechanical strengths made with W/B =0.20 are higher than those of 
the RPC with W/B=0.27, this increase results in a decrease of pores in the RPC by the low content of water and 
consequently, a densification of the latter leads to high strengths.   
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- The RPC mechanical strengths with additions (SF, S, SD) and mainly the RPC (SF) are clearly higher than 
those of  RPC (control) without additions,    
- For a given addition, the Rc/Rt ratios substantially increase with time, which indicates that additions weaken 
the RPC considering the slow evolution of tensile strengths compared compressive ones.  
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